Microwave-assisted nucleophilic aromatic substitution on aryl halides with different indoles is described. Moderate to good yields are obtained in short reaction time (25 -40 min) when coupling indoles with fluoro-and chloro-substituted aryl halides under catalyst-free conditions.
Introduction
The N-arylindole subunit is an important species in many biologically active and pharmaceutically important compounds, which display antiestrogen [1] , analgesic [2] , antiallergy [3] , antimicrobial [4] , and neuroleptic activity [5] . Although the traditional coppercatalyzed coupling of an aryl halide with a heteroatombased nucleophile, the Ullmann-type coupling reaction, has remained a standard method for the construction of N-arylindoles, it requires high temperatures, generally 140 • C or more, and often the use of two or more equivalents of the aryl halide to obtain optimal yields. Buchwald reported some improved N-arylation of indoles, but still using expensive palladium or copper [6] . Another reaction of the CuOAc catalyzed Narylation of indoles has been reported recently [7] . On the other hand, the nucleophilic aromatic substitution of aryl halides, activated by electron-withdrawing substituents, with indoles represents yet another route to N-arylindoles for certain substrate combinations. Smith has described the N-arylation of indole by aromatic nucleophilic substitution, however, this S N Ar reaction was catalyzed by 18-crown-6 at high temperature (120 • C), and no examples of reactions of substituted indoles were reported [8] . Maiorana described N-arylation of indoles by aromatic nucleophilic substitution on haloarenes, but using chromium tricarbonyl complexes [9] . Therefore, a simple and general method for S N Ar reactions, including easy work-up and a wide scope of substrates, for the preparation of N-arylindoles is highly desirable. Compared to traditional processing of organic synthesis, microwave-enhanced chemistry saves significant time, very often improves yields and has attracted considerable attention in the past decade [10, 11] . To the best of our knowledge, however, the catalyst-free N-arylation of a variety of 3-, 5-and 7-substituted indoles with aryl halides by S N Ar reaction using highspeed microwave techniques has not been reported. In continuation of our research interest in the use of microwave irradiation [11] , herein, we wish to describe our studies on the microwave-assisted construction of N-arylindoles via C(sp 2 )-N(sp 2 ) bond formation by S N Ar reaction at an irradiation power of 420 W (Fig. 1 ).
Results and Discussion
From the results shown in Table 1 it can be seen that a range of indoles, including those with electrondeficient and electron-rich substitutents, can be used in this C(sp 2 )-N(sp 2 ) cross-coupling S N Ar reaction with activated aryl halides (X = F, Cl, Br) in the presence of K 2 CO 3 or Cs 2 CO 3 under microwave irradiation. For Table 1 . Microwave-assisted synthesis of N-arylated indoles a .
Entry
Aryl halides (1)
example, 4-fluoronitrobenzene (0.5 mmol) was coupled with indole (0.55 mmol) in DMSO (2 mL) at an irradiation power of 420 W mediated by K 2 CO 3 (1.5 mmol) for 6 × 5 min, N-(4-nitrophenyl)indole being obtained in 79 % yield (entry a). It is noteworthy that in our reaction the electron-poor 5-nitroindole could smoothly be coupled with 4-fluoronitrobenzene and 2-fluoronitrobenzene (entries d and e), the corresponding yields being 94 % and 91 %, respectively. A steric effect was observed for this reaction. Although K 2 CO 3 was a good base for combining the activated fluoroarenes with indole, 5-nitroindole or 3-methylindole (entries a -e, i, j), it was ineffective in the coupling reaction with 7-methylindole. For example, when a All reactions were carried out with compounds 1 (0.5 mmol), 2 (0.55 mmol), and K 2 CO 3 (1.5 mmol) or Cs 2 CO 3 (1.0 mmol) in DMSO (2 mL) under microwave irradiation; b 6 × 5 means 6 times 5 min as reaction time; the progress of the reaction was checked by TLC at the end of each irradiation period; c NR = no reaction.
7-methylindole was coupled with 4-fluoronitrobenzene in the presence of K 2 CO 3 for 6 × 5 min, no target compound was monitored by TLC as the nitrogen atom of 7-methylindole is strongly hindered (entry f).
However, when we chose Cs 2 CO 3 as the base for the N-arylation of 7-methylindole with 4-fluoronitrobenzene and 2-fluoronitrobenzene, the corresponding yields were 62 % and 46 %, respectively (entries g and h). Finally we investigated the microwave-assisted coupling of 2-chloronitrobenzene or 4-bromonitrobenzene with indole at an irradiation power of 420 W. Unfortunately, conditions employing K 2 CO 3 as the base were inefficient for the cross-coupling reaction (entry k). However, N-(2-nitrophenyl)indole and N-(4-nitrophenyl)indole were obtained in 47 and 18 % yields, respectively, in the presence of Cs 2 CO 3 (entries l and m).
Conclusion
In summary, we have described an efficient S N Ar reaction to synthesize N-arylindoles via C(sp 2 )-N(sp 2 ) bond formation in the presence of K 2 CO 3 or Cs 2 CO 3 under a microwave irradiation power of 420 W. The reaction time was very short (25 -40 min), and moderate to good yields (46 -94 %) were achieved without any catalyst, when a wide substrate range of indoles were reacted with fluoro-and chloro-substituted aryl halides.
Experimental Section
The materials were used as purchased. Melting points were determined on a digital melting-point apparatus and are uncorrected. NMR spectra were recorded on a Bruker Avance DMX instrument ( 1 H: 400 MHz; 13 C: 100 MHz) using TMS as internal standard and CDCl 3 as solvent. HRMS and EIMS measurements were carried out with APEX II Bruker 4.7T AS and Thermo DSQ GC/MS instruments, respectively. Elemental analyses were determined with a Carlo-Erba 1106 CHN microanalyzer. Microwave irradiation was performed in a Galanz microwave oven, WG700CTL.
General procedure
To a mixture of activated aryl halide (X = F, Cl, Br, 0.5 mmol), indole (0.55 mmol) and K 2 CO 3 (1.5 mmol) or Cs 2 CO 3 (1.0 mmol) was added DMSO (2 mL). The reaction was found not to be sensitive to air and moisture, hence DMSO was used directly without any additional purification, and there was no need for inert atmosphere. The mixture was placed in a microwave oven and irradiated at a power of 420 W for the appropriate time as shown in Table 1. The progress of the reaction was monitored by thinlayer chromatography (TLC). After completion of the reaction, the mixture was cooled to r. t. and poured into ice water (20 mL). Then 40 mL of EtOAc was added to the mixture, the organic layer was separated, and the aqueous layer was extracted with EtOAc (2 × 40 mL). The combined organic extracts were washed with 4 mol/L HCl (3 × 20 mL), brine (1 × 40 mL) and dried over anhydrous MgSO 4 . After removal of the solvent under reduced pressure, the residue was purified by preparative thin-layer chromatography (PTLC) or silica gel column chromatography to give the pure Narylindoles. All compounds were characterized by 1 H NMR
